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         Abstract: A numerical study on the latitudinal location of the confluence zone 
     of the Kuroshio and the Oyashio, the two western boundary currents of the North 
     Pacific Ocean, is done by use of a simplified homogeneous model. A highly viscous 
     model is investigated as an initial step of this study. It is suggested that the latitudinal 
     location of the confluence zone is controlled by the conditions of the interior flow. 
      Fundamental discussions on the numerical modeling of the confluence region are 
      also made with reference to the coastal boundary conditions. 
 1. Introduction 
   In the downstream of the Izu-Ogasawara Ridge, the Kuroshio flows into the 
confluence region with the Oyashio and the Tsugaru Warm Current. In the confluence 
region, large-scale anticyclonic eddies are detached occasionally on the left side of 
the Kuroshio axis and cyclonic eddies on the right side, of which the movements and 
the distributions have a great influence on the formation of fishing grounds. 
   It has also been noticed that the sea surface temperature of the confluence zone 
has an influence on the climate of the northeastern district of Japan. In particular, 
a wide spread of the first branch of the Oyashio in summer season gives rise to a colder 
climate, and it sometimes causes a great damage to the rice planting of this district. 
Therefore, the hydrographic conditions of this region is very important for various 
aspects. 
   Many authors have studied the hydrography of the confluence zone (e.g., Kawai, 
 1972  ; Hata, 1973) and the movements of the observed detached eddies (e.g., Kitano, 
1975; Muto et al., 1975; Tomosada, 1978). Though the observed meanders and the 
eddy detachments are essentially similar to those of the Gulf Stream in the Atlantic 
Ocean, some characteristic phenomena particular to this region such as the strong 
confluence with the Oyashio exist. 
   In the present paper, a preliminary study on the confluence zone of the Kuroshio 
and the Oyashio is made with special reference to the latitudinal location of the 
confluence zone in the offshore region of the northeastern Japanese coast. Dynamics 
controlling the latitudinal location is mainly discussed. We use a fundamental 
numerical model to see the question of how much changes in the latitudinal location 
of the confluence zone is generated by the difference in the relative intensity between 
the subtropical and subarctic circulations.
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   In the course of the study, we inevitably meet a problem in the dynamical modeling 
of this region. Namely, since the Kuroshio and the Oyashio take one part of a large 
scale oceanic circulation, the local resolution of the numerical model is forced to be 
decreased if the model is treated as closed. On the basis of this point of view, an 
employment of the open boundary is rather effective, though the interior motions are 
somewhat constrained. Fundamental discussions on the numerical modeling of this 
region are also made in the present study.
2. Formulation 
   We carry out  four cases of numerical experiments, of which characteristics are 
shown in Table 1. The influence of the difference in boundary inflow and outflow condi-
tion is examined by a comarison among the Runs 1, 2 and 4. In these three Runs, 
the relative intensity of the subtropical and subarctic circulations are changed. Here, 
the inflow and outflow at the eastern open boundary represents the Sverdrup interior 
flow; the advection of the planetary vorticity  0-effect) and the curl of the wind stress 
are well balanced (Sverdrup,  1947). 
   We also examine the effect of the continental boundary condition. A slip boundary 
model and a viscous boundary (no slip) model are used for comparison with special 
reference to the formation of the western boundary current. The fundamental study 
on the boundary conditions was already made by Stewart (1963) and Blandford  (1971). 
The difference in the current pattern by the effect of boundary condition was demon-
strated well by numerical models by Byran (1963) for the viscous boundary and by 
Veronis (1966) for the slip boundary. Since the boundary condition prescribes the 
current shear near the boundary, the difference in the current pattern between the 
two cases becomes remarkable in the region where the current separate from the 
boundary. Holland and Lin (1975) suggested that the conclusion of Blandford (1971) 
is essentially applicable to the model of higher values of Rossby number. However, so 
far most of the discussions on this effect were made by the models with a single circula-
tion. The situation of the present model is different owing to the confluence of the two 
circulation in the central part of the range of latitude. Comparison of the results of 





























* Volume tansport of the subarctic  circulation/volume transport of 
  the subtropical circulation (Sv:  106m3s-1)
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3. Model
   A schematic representation of the model ocean is shown in Fig. 1. A homogeneous 
model is assumed for simplicity. The model ocean has straight coastal lines represent-
ing the simplified coastal topographies of northwestern Pacific Ocean.
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1. Schematic view of the model ocean. Boundary condition at the shaded side wall is 
changed in each Run (see, Table 1), and the slip boundary condition is imposed at the 
other side walls.
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 on of the zonal inflow and outflow at the eastern boundary. 
the zonal component of the velocity is considered at the 
nd (2) are solved numerically with appropriate boundary 
The numerical procedures are the same as those of Sekine 
he neighbouring two grid points is 150  km,  13 is  2.0  x  10-13  cm--1- 
0  x  107cm2s-1, and the corresponding Rossby number  (UIBL2) 
number  (Ahl  pL3)  1.0x  10-2. As is recognized by the  non-
highly viscous case is investigated as an initial step of this 
ility of the currents and resulting eddy detachments are not 
study. 
poral change of the kinetic energy. The total kinetic energy 
 as 
                    1 E=2 ffsh(u2+ v2) dxdylffdxdy                                            (5) 
where s is the surface area of the model ocean. The E becomes almost quasi-stationary 
at around the 50th day, and slightly oscillates afterwards. The tendency of the varia-
tion is essentially common to four Runs. 
   The results of Run 1, referred to as the basic model, are shown in Fig. 4. The 
western boundary currents have been almost formed at the 20th day. A weak meander 
of the stream function is found in the confluence region of the two circulations. The 
meander pattern gradually propagates westward with the lapse of time. The behavior 
of this meander is considered to be that of the Rossby wave in the zonal current. 
In the final stage, the meander pattern disappears and the stream function becomes 
almost zonal in the interior region. The result indicates that the latitudinal location 
of the confluence zone of the two currents is greatly influenced by the eastern 
boundary condition. 
   The results of Run 2 is shown in Fig. 5. In this model, the magnitude of the 
boundary inflow corresponding to the subarctic circulation is one fourth of the basic
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Fig. 3. Time change of the total kinetic energy per unit area
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E for each Run.
model. The result shows a little interaction between the two circulations at the 
confluence region. The meander pattern of the stream function percieved in the 
basic model is comparatively small in this model. The stream function is rather zonal 
even in an earlier period. The result seems to give an interesting suggestion that the 
latitudinal location of the confluence zone is controlled by its location at the eastern 
boundary rather than the relative intensity of the two circulations. Since the inflow 
and outflow at the eastern open boundary correspond to the Sverdrup flow, it may 
finally be attributed to the global distribution of the wind stress. 
   The results of Run 3 is shown in Fig. 6. The model is the same as the basic model 
except for the boundary condition of the northwest coast. However, a little difference 
from the basic model is noticed. The meander pattern in the confluence zone is more 
remarkable than that of the basic model. The relative vorticity distribution of Runs
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Flow patterns shown by the stream function  c for Run 1. (a) 8.6th day, (b)  20.02th 
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4 except for Run 2. (a) 20.2th day, (b)  101.2th day.
1 and 3 are compared in Fig. 7. The relative vorticity is equal to zero at the slip boun-
dary. A larger possitive vorticity in the offshore region of the slip boundary is found 
in Run 3. This is due to the constraint of the energetics of slip boundary condition 
that the western boundary currents have to dissipate much energy by forming a strong 
shear flow. These results essentially agree with those of Blandford (1971), though the 
difference in current patterns are not so clear in the present model. This is explained
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           Fig. 6. As in Fig. 4 except for Run 3. (a) 20.2th day, (b)  101.2th day. 
as follows. The difference between the two cases becomes remarkable in the current 
flowing along the western zonal boundary, however, the present model is lacking such a 
current owing to the confluence of the two circulation. This is the cause of the small 
difference in the current pattern between Runs 1 and 3. 
   The results of Run 4 is displayed in Fig. 8. The model aims at investigating the 
extreme case of the contrast of the relative magnitude between the two circulations. 
Notice that the slippery boundary condition is imposed at the coastal boundary. 
However, results demonstrate a small change in the current pattern form the basic model. 
This also suggests the predominance of the outflow and inflow conditions over the 
relative intensity of the subtropical circulation and the subarctic circulation. 
5. Discussion 
   A preliminary study on the latitudinal location of the confluence zone of the Kuroshio 
and the Oyashio has been made by use of the simplified model. The results have 
suggested that the current patterns have a tendency to flow zonally in the interior 
region, and the outflow and inflow conditions at the eastern boundary have strong 
influence on the current patterns. The latitudinal variation of the confluence zone is 
controlled by the conditions of the interior flow. Conversely, the effect of the relative 
intensity of the two circulations is small. It has also been shown that the coastal 
boundary condition does not affect much the current pattern. This is due to the 
absence of the current flowing along the western zonal boundary. 
   As an initial step of this study, we have chosen the parameter range of the model 
so as to be frictional rather than inertial. However, the observed hydrographic 
features of the confluence zone are rather complex (see, Fig. 9). The meander of the 
Kuroshio becomes more prominent and the eddy detachments are generated. A fur-
ther dynamical discussion of this region is necessary to include such a process. In 
particular, to consider the current instability and the movement of the detached eddies 
is needed in succeeding studies. Although it is premature to draw a firm conclusion 
from the present study owing to its characteristics of the frictional model, the 





 Fig. 7. Distributions of the relative vorticity Z at the  101th day. (a) Run 1, and (b) Run 3. 
     Shaded areas indicate the negative vorticity. 
by the global distributions of the wind stress that prescribes the Sverdrup flow in the 
interior region. 
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 Fig. 9. The schematic representation of the hydrographic conditions of the confluence zone 
     of the Kuroshio and the Oyashio (after, Kawai 1972). 
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